Transition-metal-free efficient synthesis of bisindole sulfanes using 2-(fluorosulfonyl)difluoroacetic acid

General Information
Unless otherwise mentioned, solvents and reagents were purchased from commercial sources and used as received. The solvent DMF was distilled from CaH 2 before being used.
1 H and 13 C NMR spectra were recorded on a Bruker 500 MHz NMR spectrometer. 1 H NMR chemical shifts were determined relative to internal (CH 3 ) 4 Si (TMS) at δ 0.0 or to the signal of the residual protonated solvent: CDCl 3 δ 7.26. 13 C NMR chemical shifts were determined relative to internal TMS at δ 0.0.
Data for 1 H and 13 C NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, q = quartet, br = broad).
Mass spectra were obtained on a mass spectrometer. High-resolution mass data were recorded on a high-resolution mass spectrometer in the ESI mode
General method for the synthesis of bisindole sulfanes
The reaction was carried out in an autoclave containing a 35 mL Teflon reaction tube. N-Methyl indole (1.0 mmol), NaHCO 3 (2.0 mmol), DMF (2.0 mL) and a magnetic stir bar were placed in the tube, which was then stirred under air.
Then, 2-(Fluorosulfonyl)difluoroacetic acid (2.0 mmol) was added to the tube one pot. The reaction temperature rose from 25 o C to 110 o C in 10 seconds and some of gas emitted. After the addition, the autoclave was then cooled to room temperature, water (40 mL) was added, and the product was extracted with DCM (3*15 mL). The organic layers were washed with brine, dried over Na 2 SO 4 , and evaporated the organic solvent by rotatory evaporator under atmospheric pressure. The crude product was purified by column chromatography (silica gel, petroleum ether/ethyl acetate as eluent).
Gas analysis
The reaction was carried out in an autoclave containing a 35 mL Teflon reaction tube. N-Methyl indole (1.0 mmol), NaHCO 3 (2.0 mmol), DMF (2.0 mL) and a magnetic stir bar were placed in the tube, which was then stirred under Ar.
-4 -Then, 2-(Fluorosulfonyl)difluoroacetic acid (2.0 mmol) was added to the tube one pot. The reaction temperature rose from 25 o C to 110 o C in 10 seconds and some of gas produced, and the gas was collected with a balloon.
The gas analysis of the samples was performed using a mass spectrometer (QIC-20 gas analysis system, Hiden Analytical,). It was set to scan molecular masses of 10-
100.
The results are as follows: 
bis(6-methoxy-1-methyl-1H-indol-3-yl)sulfane (3d)
Colorless oil 8, 138.0, 131.7, 123.6, 119.7, 109.7, 105.7, 93.0, 54.9, 32.0. IR (KBr): 3077, 2935 , 1772 , 1611 , 1282 , 1219 , 1107 , 1103 
bis(6-chloro-1-methyl-1H-indol-3-yl)sulfane (3k)
Colorless oil (112 mg, 61% 
bis(6-fluoro-1-methyl-1H-indol-3-yl)sulfane (3l)
Colorless oil (111 mg, 68% 
3,3'-thiobis(1-methyl-1H-indole-7-carbaldehyde) (3n)
Colorless oil (108 mg, 62% 
bis(7-chloro-1-methyl-1H-indol-3-yl)sulfane (3o)
Colorless oil (90 mg, 50%). R f = 0.4 (petroleum ether：ethyl acetate = 4:1); 1 H NMR (500 MHz, d-acetone) δ 7.74 (q, 2H, J = 1.5 Hz), 7.53 (s, 2H), 7.13 (dd, 2H, J = 9.0 Hz, 1.0 Hz), 7.02 (t, 2H, J = 8.0 Hz), 4.11 (s, 6H).
13
C NMR (125 MHz, d-acetone) δ 136. 2, 132.6, 132.3, 123.3, 120.6, 118.3, 116.8, 105.6, 36.0. IR (KBr): 3095, 2910 , 1599 , 1550 , 1404 , 1296 , 1047 
Crystal structure determination
Single crystals of 3a were obtained by recrystallization in DCM. A suitable crystal was selected and the Single-crystal X-ray diffraction data was collected with a Bruker APEX-II CCDdiffractometer. The structure was solved with the ShelXS [1] structure solution program using Direct Methods and refined with the XL [2] refinement package using Least Squares minimization. Anisotropical thermal factors were assigned to all of the non-hydrogen atoms. The positions of the hydrogen atoms were generated geometrically. The crystallographic data for 3a is summarized in Table S1 . Bond lengths [Å] and angles [°] for 3a is summarized in Table S2 . It is noted that the bond lengths of S−C in the structure of 3a (S1−C12, 1.765(5)Å; S1−C3, 1.767(5)Å are comparable to those reported previously [3] . The anisotropic temperature factor of S1
atom in the structure of 3a is 0.046. The value is reasonable ( Figure S1 ). While the element type was changed to Oxygen, an unreasonable value of anisotropic temperature factor (0.003) was obtained after doing refinement process. Based on the reasonable temperature factor, S−C bond lengths and elemental analysis, we confirm that it is S atom between two N-methyl indoles. Chem. Asian J., 2014, 9, 237. Table S1 . Crystal data and structure refinement for 3a. Figure S1 . Ellipsoid plot of the crystal structure of 3a (Prob = 50, Temp = 296 K). The following ALERTS were generated. Each ALERT has the format test-name_ALERT_alert-type_alert-level. Click on the hyperlinks for more details of the test.
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